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INTRODUCTION

Chord keyboards are data entry keyboards which use the
simultaneous activation of two or more keys to input
alphanumeric characters. Although not new, these types of
devices have been the subject of both popular and
industrial interests as data entry devices for the
non-typist. The original interest in chording keyboards
dates back to the late fifties and early sixties. These
early devices had keys ranging in number from 4 to 12.
Operation was ordinarily two handed. Of these early
mechanisms, the court reporter's steno-writing system is
best known.

The set of possible chords with only 7 keys (the
summation of combination of 7 keys taken 'n' at a time
(n=l,2,3,4,5) is equal to 127) is larger than the set of
keys available on standard keyboards. The extra chords are
then used for special characters, operator assignable
functions, syllables or even entire words or phrases. The
Velotype is just such a device (Special Systems Industry,
no date). With 37 keys on the board, both hands are used.
The keys are arranged in three groups. The left side has
the initial consonants, the right side is almost a mirror
image of the left and is dedicated to final consonants,
vowels are in the middle (see Figure 1). The lesser used
letters do not have dedicated keys but are instead
generated by a two-key chord (e.g. T4J=D). With this
layout, a three letter syllable can be spelled out with a
three-key chord.

Some studies were cited in the sales literature for
the Velotype, such as an undocumented study by the Dutch
Association for Stenography and Office Practices. No
quantitative results were reported but the conclusions they
felt justified in making were:

1. The typing speed inexperienced velotypists can
reach is three times as high as the speed of
an experienced typist.

2. The speed of an experienced velotypist is
approximately 900 to 1000 strokes per minute.
This is faster than normal speech (bold face
theirs) The speed of an experienced typist is
between 250 and 300 strokes per minute.

3. Learning to velotype takes only 25% of the
time it takes for traditional typing in order
to reach the same average typing speed.

No other performance or learning studies are listed.
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During the 1970's Nathaniel Rochester and Frank Bequaert
developed another device with several keys per finger (Rochester,
et al 1977). Their device had a five by two array of keys with a
row of four rectangular thumb keys (see Figure 2). With the
letters plotted on the corners, the keys utilized a swivel type
activation. The designers claim 4407 possible chords, using only
the thumb and the three strongest fingers of one hand.

Generally, there is a smaller number of keys present on a
chord keyboard than on a standard keyboard. Each key is used
several times in different combinations to produce various
characters. This aspect of chording allows fewer keys to produce
the same character set and this in turn, allows the board to be
smaller than conventional keyboards. The smaller size enables
these keyboards to be placed where other keyboards cannot be
used. Also with fewer keys, many can be operated with one hand.
These two features eliminate the need for the board to be
immediately in front of the operator. This gives rise to unique
applications such as operation within a cockpit of aircraft,
conceivably under acceleration conditions. There is improvement
of less novel workstations since the uncomfortable and stressful
position common to typing is eliminated, thereby improving the
ergonomic acceptability of the keying task.

A "handprint" keyboard is at the opposite extreme from full
keyboards because it has the same number of keys as the number of
fingers used to operate it, with perhaps one or two extra keys
which are used infrequently. With so few keys, there is no
motion of the fingers other than for key press; the keys are
arranged to allow the fingers to rest naturally above them.

In their report, Alden and his associates state there is
supporting data for "the hypothesis that keyboards which tend to
minimize the number or the distance of finger-reaching movements
are capable of the fastest operation, particularly for special
purpose tasks" (Alden, Daniels, and Kanarick, 1972). Klemnf.r
((1958) as reported in Seibel (1972)) trained two subjects on a
two-handed handprint keyboard where the various characters were
represented with two key chords. He reported that entry speeds
were not "out of line with performance in learning to type on a
conventional machine." This early work is reported by Seibe] to
be the beginning of the investigation of chord keyboards.

Ratz and Ritchie ((1961) as reported in Alden et al (1972'.
performed a study to rank the 3] chords that are possible with
one-hand. They ranked them with respect to speed: motor
constraints (not decision time, as the limiting factor. In a
replication of the Ratz and Ritchie study, Seibel (1972" r t rrt ,
very similar times for the 31 chords, and that continuous
improvem,-nt in discriminative chord reaction time occurred over
30 days. Following this train of investigation, Seihel reports
that ... if the effect of motor difficulty is balanced out, ti,
number of alternative chords involved in a given reaction tim,.
task makes little or no difference in the. reaction time for
numbers 5 through 31. The overall average motor difficulty of a
set of r,-sponses, however, does influence the reaction t im, f,
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the specific chord responses in the set." (Seibel 1972). This
effect is again mentioned in another study by Seibel in which
reaction times for 1,023 alternatives are only approximately 25
msec. slower than the reaction times for 31 alternatives. Seibe]
concludes that "Part of this small difference is attributable to
the fact that the larger set contained more difficult chord
patterns."

Handprint keyboards designed for one hand operatiorn have
certain advantages over keyboards that require two hands.
Without the necessity of reaching with both hands, the keyboard
may be used in any position, not necessarily on a desk or flat
surface in front of the operator. One hand operation and a
compact size allow the machine to be used anywhere, on a chair
arm, or mounted on the side of the chair near the thigh. It
would also be possible to integrate the device in the control
column of some types of vehicles, such as high performance
aircraft.

The main argument against most types of nonconventional
keyboards is that hunt-and-peck operation is not possible and is
therefore not suitable for novice operators. However on a hand
print keyboard, with a simple, straightforward method of chording
and the proper cue card, this argument may not be valid.
Mnemonics are used for example, on the Microwriter, a production
chord keyboard by Microwriter ltd. Some are visual such as the
"It" where the crossbar produced by the thumb and little finger is
visualized. Others are symbolic, like the "0" which represents
the bulls-eye which relates to the center of the hand, the middle
finger. The third type of mnemonic is based on wordplay. The
"S" is produced by the "S"ignet ring finger (see Figure 3).
Rodwell (1980) reports that it took him approximately 30 minutes
to learn the alphabet, 30 minutes for numbers and punctuation.
Two hours per day for two weeks allowed him to build up to a
reasonable speed. While this information is reported in a
popular magazine and is anecdotal in nature, it gives an
indication that the novice user can use such a device with
relatively little experience.

In their study, Lockhead and Klemmer (1959) had operators
learning 137 chord patterns in less than 23 hours. These chords
however, were not on a handprint keyboard and were also for 100
common words as well as the alphanumeric characters. Th-
learning was without any memory aids. Gopher and Koenig (1983)
conducted an experiment using two 5-key handprint keyboards
together, one for each hand. Each keyboard was independent fron,
the other and could produce the entire character set. Tneir
objective was to study the best coding scheme to represent
identical letters for both hands. The first session was spent in
memorizing the codes. No mnemonic is reported, memorization wai
up to the individual, but all individuals had memorized the co,!-,
in 35--40 minutes. Six more sessions at 1.5 hours each were
scheduled. By the end of those sessions, no asymptote to spef-d
had yet been encountered.

However, Gopher and Koenig did conclude that:
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"In light of the fundamental differences between
the two typing keyboards in their skill
components, one can conclude that it appears to be
easier for humans to commit 52 chords to memory
and activate them upon request, than to learn the
ways of the hand to a similar number of keys
spread out on a typing keyboard."

The study performed by Gopher and Koenig raises questions about
the effectiveness of mnemonics for learning chords.

This study addressed the issue of task acquisition and the
usefulness of mnemonics in learning the various chords ard
eliminating errors. Both conditions of chord learning, with or
without mnemonics, were compared to the performance on the 4,4
keypad.

For the 4X4 keypad condition, the alphabetic keying method
used was that described by Stealey (1985) to be the most
efficient of those tested in that study. This is the method of
pressing the key with the desired letter and then specify which
of the three letters on that key is correct by pressing the key
which specifies the letter position; left, center, or right. 1or
example, if the letter "M" was desired, the "6" key was pressed
and then the left arrow key (see Figure 4).

Study Objectives

The objectives of this study are summarized as foll,,s;
1. Determine which of the keypads, Microwriter or the 4X4

keypad, gives the best performance with limited amounts .f
training and practice.

2. Determine if the use of mnemonics for chord keypad
training leads to a reduction in the number of errors or if the
absence of these mnemonics leads to confusion among different
chords.

3. Determine the length of time to gain a set level of
proficiency of alphanumeric entry on the chord keyboard and on
the 4X4 keypad. As an arbitrary levei, 50% of the average speed
on the beginning OWERTY typing test will be used. Failir.g to
attain that level, the proficiency level on the keypads will be
calculated to the nearest 5% of the QWERTY test.

4. Determine if practice on the 4X4 keypad will affect
entry rate on the 4X4 keypad.
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METHOD

Research Participants

A total of 15 research particlpants 1 0 female, 5 male.
participated in this stud). The mean age of all resea', h
participants was 22.7 years. The runge was 20 to 29 years.
All of the research participants were students at Texas Ah%1
University; 10 of them were undergraduates, the remainder
were graduate students. Average amount of education was
16.5 years with all graduate students seeking a Masters
degree. All research participants volunteered their time.
Research participants were categorized into one of three
typing skill levels (high, medium, and low skill typists,,
according to their performance on an initial 5 minute
typing test taken from a standard typing text (see
Appendix A).

Equipment and Facilities

The study was based on the only commercially availat.),
six key handprint keyboard, the Microwriter from
Microwriter USA Ltd. It is a book-size device with
approximately four pages of memory and a 15 character
liquid crystal display (see Figure 5). For a full
description and critique refer to Freff (19841. The
display on the Microwriter was covred by opaque tape so
all research participants would use the Apple monitor
described below. The Microwriter, which produces standaid
ASCII output was interfaced to an Apple Ile microcomputer
via a standard communications card.

The Apple accessory numeric keypad was used for the
4X4 keypad. The legends on the keys were covered b) a darlk
covering and new numbers and letters, in white, were
inscribed on top. This was necessary so that the kexpad
which is calculator format, that is "7 8 9" on the top ro,,
could be used in phone format which has "1 2 3" on the top
ro%. Also the letters were labeled on the proper keys as
well as the directional arrows ,see Figure 4'. Softw Jr,-
was used to allow the computer to translate the keypad's
signals (see Appendix B .

The microcomputer collected speed and error rat,.
information from both the keypad and the Microwriter.
Applied Fngin-ering's Timemaster 11 11.0. clock card was
used to gather the time data for all conditions (see
Appendix B for all programs used'. Apple's standard 30.1.A
mm (12 inch, monochrome monitor served as the displa% fo,
all ondit ions (sf.. Figure 6'. Another monitor was use.d
for the experimenter's station tsee Figure I

13
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Procedure

Each research participant was required to read and
sign an informed consent form. This document specified the
nature of the study and advised the research participant
that he or she was free to withdraw from the study at any
time for any reason, without bias (see Appendix C).

The initial task performed at the first session was a
standardized timed typing test to determine skill on e
standard typewriter. This skill level was only used in the
assignment to groups, and was not used in the analysis. An
IBM Selectric was used. The assignment of research
participants to groups was based on the test. A balance of
three of medium skill and one each of low and high skill
was assigned to each group.

For the chord keyboard groups, training material was
similar to the documentation which comes with the
Microwriter, but was reprinted and rearranged to eliminate
information unnecessary to the experiment and tailored for
the two conditions (see Appendices D and E). Also included
in the materials for the Microwriter condition were
one-sheet cue cards. The cue cards for each condition wer.
equivalent in format, the only difference being that the
memory aids were drawn in for the mnemonic condition
operators. Appendix F has copies of both cue cards. For
the 4X1 group thp training material consisted of one sheet
explaining the method of keying (see Appendix G.

There was a on- hour period scheduled for each
research participant each day for a duration of five
consecutive days. At the beginning of the first session
was the typing test following the completion of the
informed consent form, and a demographic sheet. Then after
assignment to a group, the research participant was gi en
the training materials appropriate to the condition
assigned. The keyboard used by the research participart
could be repositioned as needed. All that was in fron! of
the research participant was the keyboard being used, the
Ap'le monitor, and any training material needed see Figutf.
H A 30 minutp training and practice session followed.
Training was self paced. A proficiency test was then
given. All of the Microwriter research participants were
able to be'ome acquainted with all letters and numbers
within the first session.

The test consisted of two runs of 25 sequences eart:
The first list was 2r "syllables" of four random letters.
The second run was again 25 sequences, but of seven rar'b,,r
numers. Thesv- iists were presented on a s ingle sheet of
, n , 01 see Figure 94 During the follotwing days the
sequen( es were not changed, but the order in which the.
werf- p'i -,ent ed changed. This was to comjensmit. for wht '

learning might be possible for essent ally menniDgless

17



FIGURE 8

Operator's Workstation with Microwriter and Training m!ate'-,,a



1. CF'L_.r 5. 02 5"-._
"_FF*N 2. C55A55:.

3. NZV 5. 4714 b,
4. HF°AWI 4. -- 1 , 7 ,;.

e. RYDJ 6. 11742 6S
7. SLVD 7. 433612e
e. UZLM 4. 938u2 ,
9. NfWS 9. 4954017
1 C). OVIW I(. 7e767Z
li. EFDN 11. )7C925_
"'. ZTNS 12. 4.14001t
1:.FGI.H 1 7. 6157,0,e-

14. ZAEN 14. :.135':Z
15. GSUI 15. 5)4 8
16. LMSE A --. f, 4-.,-
.7. ECIGM 17. 9 7 9 ,f
18. t':.GD" 12. 9-75251,
19;. CDJQ 19. 7 -,2,11 1

2'. VSES 20. 6!'":'',74
Z-1I. DJ C't 21. C;78-85
22-. SEBC -. 9- bf I q

2-. SNCP 2.. 259b69
24. N 24. e 44_

FIGURE 9

Sequence Lists as Presented to Operators

19

- ~ .~.. ~ . * ** % %



material. The characters appeared on the screen as they
were entered. No corrections were allowed and the screen
cleared as soon as the sequence of four or seven characters
was completed. The computer kept track of the sequenc--
time, while total time to complete the list was tracked by
stopwatch. Henceforth the term "sequence" will refer to
individual groups of four letters or seven numbers. TI.-
term "list" will refer to the summary of the 25 sequern.vs.

The computer also kept track of those alphanumeric
characters missed on the test. The printout listed th-
number of incorrect characters entered in the sequence,
what was entered, what should have been entered and the
time it took to enter it (see Figure 10). This was don- to
give the research participant an easy comparison betweer. an
error and the correct response. The record for the
alphabetic list was printed in another room as the research
participant was being tested on the numeric list. When the
numeric list test was completed, that record was printed
out immediately and the entire page with the results of
both runs was given to the research participant for rev;ew.
The experimenter went over the list with the operator a.d
pointed out the mistakes and had the research participarnt
compare finger motions of what was erroneously entered and
what was the correct character.

This testing and feedback was repeated every day afl!i
the 30 minute practice sessions. The practice sessions
were spent typing in news articles which contained both
numbers and letters (see Appendix H for example).

Experimental Design

The model for the study was repeated measures complet.
block design; condition by days with repeated measures over
days. The independent variables in this experiment were
condition, which was determined by the keyboard (4X4
keypad, chord keyboard with memory aids, and chord keybf.ard
without memory aids); task (letters and numbers); days 1,
2, 3, 4, and r ; and research participants (I through l:

Dependent Variables

The dependent variables for this experiment were
errors-per-list, sequence times, and list times. Sequer.--
time is that interval between the keypress for the first
and last letter or number in the sequence. The time wa
recorded in this way for all 25 sequences in the list.
digital stopwatch used to collect list times was activat-d
manually by thf- experimenter. The time was started uror.
hearing the first keypress and stopped upon hearing the
disk drive start on the computer which was, for all
practical purposes, instantaneous with the final keypres-
of the last sequence.

20
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One error was counted for each character that was
incorrect, or omitted, or if an extra character was
entered. The program could not determine if a character
was omitted or an extra one entered, therefore if the
string was one character off, the), were a]] counted wrong
by the program. This was corrected when the errors were
tabulated by hand; a determination was made as to what tyT,,
of error had occurred.
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RESULTS AND DISCUSSION

The data collected in the study was analyzed using a
two way Analysis of Variance with repeated measures.
Separate Analyses of Variance were run for each dependent
variable: errors, sequence times, and list times. The
model used for all Analyses of Variance were the same:
conditions by days with repeated measures across days.
Duncan's multiple range tests were performed for all main
effects found significant by each Analysis of Variance.

Throughout this discussion, the 4X4 numeric keypad
will be referred to as "the keypad." The conditions using
the Microwriter with the original memory aids and without
the aids will be referred to as "mnemonic" and "plain"
respectively.

The research participants were randomly assigned to
matched groups based on the skill level exhibited on the
initial typing test. The categorization was three levels:
high, medium, and low. The results of the test and the
grouping can be seen in Table 1. The overall range for

the typing test was 27.6 to 64.3 words per minute. Those
typing above 40 words per minute were considered high
skill, those typing below 30 words per minute were
considered low skill. The operators whose scores fell
between these boundaries were considered medium. The upper
boundary reflects a natural break in the scores. The lower
boundary was set rather arbitrarily by grouping the three
lowest scores together. This grouping and balancing was
done to control any tendency for experienced typists to do
better on manual dexterity tasks than research participants
inexperienced with conventional keyboards.

The discussion of the data gathered on the three
dependent variables involved in the analysis: sequence
time, list time, and errors, is better divided by group of
tests, beginning or ending. This division forms a logical
outline from which to discuss the results.
Mean Times for Sequences

Letters: The mean times for each keyboard per day are
shown in Figure 11. The actual values for the means are
listed in Table 2. Initial inspection shows that on the
first day's test, mnemonic started with a slightly higher
mean (5.83 sec.) than the other two conditions (5.53 fcr
keypad, 5.34 for plain). By the second day the keypad had
the highest mean and remained in the top position. The
corresponding Analysis of Variance for the test (Table 3,,
shows that neither condition nor the interaction of
condition and days is significant. Again, "days" shows up
as being significant. The Duncan Multiple Range test in
Table 4 lists days 2, 3, and 4 as being significantly
different from each other, while days 4 and 5 are not.
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TABLE 1

Results of Typing Test: Means and Standard Leviations (all
figures in words per minute)

MNEMONIC PLAIN KEYPAD

LOW 28.U wpm 29.6 wpm 27.6 wpm

31.b 38.4 31.b
MEDIUM 36.8 37.3 38.4

33.3 39.6 38.6

HIGH b8.6 64.3 58,3

AVERAGE 37.b2 41.84 38.90

STANUARU 12.IU 13.lb 11.81
DEV IAT ION
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-, LE 2

Medns dna Varidnces for Letter Seunce Tines

N MEAN VAR

CONTI- DAY

KEYPAD 1 S S.S3 1.05

2 5 4.39 0.73.

3 5 3.61 O.s

4 51 3.27 0.26

_ S 3.03 0. )i

W4EMON 1 5 S.83 1.161

2 5 3.71 0.8

3 S 3.11 O441
4 5 2.59 O.15

S 5 2.55 0.30

PLAIN 1 5 5.34 0.171

2 5 3.63 0.31

3 5 3.06 0.22

4 S 2.61 0.26

5 S 2.41 0.13

CONOTI -
ON

KEYPAD ALL 25 3.97 1.37

MEMON ALL 25 3.SG 2.01

PLAIN ALL 25 3.41 1.34

DAY

ALL 1 is S.S? 0.72

2 1S 3.91 0.69

DAY

ALL 3 15 3.27 0.40

4 15 2.832 0.31

5 15 2.64 0.35

ALL ALL 7S 3.15 1 .S3
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TAdLE j

Andlysis of Variance tor Letter Sequence Times

Source of MS F PR>F

Condition 2 .U4JI 1.u4 U.3842

Uay 4 2U.6819 190.64 U.UUU1

Conaition x Day 8 U.2141 1.97 u.WuU4

Error Subject(Condition) 12 1.9/U2

Error Subject*Uay(Concition) 48 U.IUdb

Total 74 1.bdb2

* Significant at p < u.U5
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Tabl e 4

Duncan's Multiple Range Test for Compariso of

Days for Letter Sequence Times

Alpha - U.Ub df - 48 MSE U.1U849

Groupiny Mean N Days

| b.5664 b I

I 3.9U69 I! 2

I 3.26d Ib 3

I 2.8249 Ib 4

2.b762 P) b
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Numbers: In Figure 12 there are the mean times for eah
condition; actual values are listed in Table 5. The diffe-ren,-
between conditions is significant at the 0.05 level. The. ta l
on page 35 has the Duncan Multiple Range test for conditioii and
it shows that pairs: mnemonic and plain, plain and keypad, ar-
not significantly different. Mnemonic and keypad are showu to
be different. The difference between days in the Analysis (f
'ariance (Table 6) is shown to be highly significant; the
corresponding condition and day interaction is also calculited
as being significant to the 0.0001 level. Table 8 shows th-
Duncan Multiple range test for days.
Mean Times for Lists

Letters: Figure 13 shows the means by condition over
days. The actual values for each point in the graph are
listed in Table 9. The corresponding Analysis of Variane, in
Table 10 gives the predictable significant difference for
days, but shows no significance for conditions or the
interaction of condition and day. The pertinent Duncar,
Multiple Range test for days is listed in Table 11. Note that
although not significant, the times for day 5 were longer than
for day 4.

Numbers: The means of the sequence times for the number
test are arranged by condition over days in Figure 14; the
actual values for each point can be found in Table 12. The
Analysis of Variance (Table 13) shows the usual high
significance between davs to the 0.0001 level; it also sho ,s
the same level of significance for the condition-daN
interaction term. The Duncan Multiple Range test in Table. 14
indicates no significant difference for days 3, 4, and 5.
Mean Errors

Letters: Figure 15 shows the trend 8f each condition
over time. Keypad, obviously has the lowest error rate,
starting with 2.40 error on the first day and finishing with
0.20 errors on the fifth. The complete list of actual values
can be found in Table 15. The Analysis of Variance (Table l);
shows condition to be significant beyond the 0.05 level. Day
is also significant. In the Duncan's Multiple Range test for
condition (Table 17), it is further determined that only
keypad is significantly different from the other two. The
Duncan's Multiple Range test for days appears in Table 18 and
shows thait only day one is significantly differer.t.
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TALE b

..vans an Vdriances for tIumDor Sequence Tines

I MEAN VA&m

COMTSI- DAy

KIYPAD 1 4 3 1. 76
2 1 12 1 

3 S 3 22 1.31

4 5 3.1 035

I 51 2.6 119

WEMN S 706S 1.1

2 S .16 0.

3 S 3391 0.21

4 1 2.4 0.00

9 1 348 0.06

PLAIN 1 1 .04 0 11

2 1 4.0S 006

3 9 360t 017

4 9 3-31 0 11

I 1 3.37 0.07

¢ONOT I-
ONV

KEYPAO ALL 21 3. 1 42

WMEMON ALL 21 4 es 2 27

PLAIN ALL 25 3 3 0 49

Day

ALL I is 1.47 231

i2 4 2S 1 26

DAY

ALL 3 1 3 61 0 1

4 I 3 33 0 40

i Is1 3.2 1 0 46

ALL ALL 71 233 I 3
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TAdLE 6

Analysis of Variance for NU~IIoer Seouence Times

Source af MS F PR>F

Concition 2 IU.Ud4b 4.UU U.U4bc

Day 4 12.691U b6.31 U.UUU!

Condition x iiay 8 1.2t~t b.74 UdUUUI

Error Subject(Cuncition) 12 Z.!)240

Error SuD,ect*Uay(Concition) 48 U.1914

Total 74 Lb 14

*Significant dt p < u.0b
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Table 7

Duncan's multiple Range Test for Coumparison c*

Concitions for Number Sequence Times

Alpha a U.Ub df - 12 MSE - .b?39b

(Groupiny Mean N Condition

4.6hZ2 2U Mnemonic

3.9U16 zu Plain

3.3894 2U KeypadI
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Table 8

Duncan's Multiple Ranye Test for Comparison cf

Days for Number Sequence Times

Alpna = U..5 df - 48 MSE U.19138

Grouping Mean N Days

I 5.4(8U 1b 1

1 4.2502 15 2

I 3.61U5 1b 3

3.33U4 ib 4

3.24 1 Ib b
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TABLE 9

teledS -'J .ances for _et:-r .st Times

N MEAN VARI

CDNOTI- DAY

ON

KEYPAD 1 5 214.00 789.50

2 S 170.60 924.30

3 5 145.80 492.70

4 5 132.80 29.70

5 5 130.20 193.20

MNEMON 1 5 210.00 1042.5

2 5 152.80 2486.2

3 5 124.40 1036.8

4 5 100.20 196.70

5 S 101.00 340.50

PLAIN 1 5 199.60 170.70

2 5 134.40 298.301

3 5 114.40 358.80

4 5 97.20 357.70

5 5 100.40 149.30

CONDTI-

ON

KEYPAD ALL 25 158.68 1415.1

MNEMON ALL 25 137.68 2597.4

PLAIN ALL 25 129.24 1698.3

DAY

ALL 1 15 207.93 610.50

2 15 152.60 1293 71

DAY

ALL 3 15 128.20 72J.31

4 15 110.07 445.35

5 15 110.53 402 41

ALL 75 141.87120C7 4
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TA8LE 1u

Analysis of Variance for Letter List Times

Source of MS F PR>F

Condition 2 574t.6134 2.83 u.UgYz

Day 4 29474.4b3 IU7.63 .00UI

Condition x uoy 8 211.8467 U.91 U.514u

* Error Subject(Concition) 12 ?027.4633

" Error SuDject*Day(Condition) 46 232.U4!U

Total 74 2UU7.4414

* Significant at p < u.05
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Table 11

Duncan's Multiple Range Test for Comoiarlson of

Days for Letter List Times

AIljlia = U.U5 df 48 MSE ?322.1)4b

Grouping Mean N Days

I 2U)7.93 lt 1

I 152.6U) 15 2

I 128.2U 1b j

11U.53 lb b

IIlU.tJ7 15 4
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TA6LE

Means .ri i-iriances tor Numoer List Times

N MEAN VAR

CODTI- DAY

ON

KEYPAD 1 5 163.30 1152.2

2 5 136.00 1164

3 5 127.00 1272.5

A 5 122.00 1014.7

5 5 119.90 1171,7

[NEMON 1 5 217.60 591 30

2 5 151.20 1033.2

3 5 121.00 316.00

4 5 120.40 94.30

5 5 117.80 338.70

PLAIN 1 5 169.00 57.50

2 5 134.60 47.20

3 5 113.20 105.70

4 S 108.20 65.20

5 5 120.80 222.70

CONDT I-

ON

KEYPAD ALL 25 134.26 1229.6

NINEMON ALL 25 f45.60 1901.6

PLAIN ALL 25 130.405 54550

DAY

ALL 1 15 183.47 1143.6

2 is 141.33 695.24

DAY

ALL 3 15 122.40 40S.97

4 15 117.13 360.5

5 15 113.47 496.84

ALL ALL 75 136.76 123A.6
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TABLE 14

Andlysis of Varidnce for Number List Times

Source df MS F PK>F

Conaition 2 i1Dbv.b4UU U.69 U.5197

Uay 4 11598.36b 73.8u U.UUl *

Conaltion x Ody 8 9U5.73b7 b.76 U.UUUl

Error Subject(Conaition) I? ?2bb.12UU

Error SubjeCt*Udy(Coflditiofl) 46 lt7.1,uu

Totdl 7'4 124.b443

*Significant at p < u.ub
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Table 14

Duncan's Multiple Ranye Test for Comparison of

Days for Number List Times

Alphd = U.Ob dt = 48 MSE = 1b7.17

Grouping Mean N Days

| 183.47 lt 1

i 141.33 15 2

122.4U 15 3

119.47 15 4

117.13 lb 5
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- ,..E lb

ledis anu VdrlanceS Tor Letter Lrruf Luuti.

N MEAN VAR

CONDTI- DAY
ON

KEYPAD 1 5 2.40 11.30

2 5 1.40 2.30
3 5 1.20 0.70

4 5 1.60 10.60

5 5 0.20 0.20

NEMON 1 S 6.00 6.50

2 5 3.20 3.70

3 5 3.20 8.20

4 5 3.80 28.70

5 5 2.80 3.70

PLAIN 1 5 7.00 12.50

2 5 3.00 8.50

3 5 260 4.70

4 9 1.30 0.70

5 5 2.40 0.30

CONOTI-
ON

KEYPAD ALL 2S 1.36 3.16

MNEMON ALL 25 3.80 3.83

PLAIN ALL 25 3.40 3.00

DAY

ALL 1 1s 5.131 12.84

2 15 2.53 4.93

DAY

ALL 3 Is 2.40 4.69

4 I5 2.40 9.69

5 15 1.30 2.601

ALL ALL 7S 2.85 7.36
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TAdLE 16

Analysis of Variance for Letter Error Count

Source df MS F PR>F

Condition 2 42.6133 3.9b u.U482 "

Ddy 4 25.bbOU b.Ub U.uUId

Condition x Uay 8 3. 4UU U.7U u.b92

Error Subject(Condition) 12 1U.8467

Error SuDject'Uay(Condition) 48 b.u6J3

Total 74 7.9b47

* Significant at p < U.Ub
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Tdble 17

Uuncan's Multiple IRdnve Test for ,omparlson of

Conditions for Letter Error Count

Alpna a U.Ub Of a 12 MSE = IU.8467

(iroupin Mean N Condition

3.8uuU 20 Mnemonic

J.4UUO 20 Plain

1.36UU 2u Keypad

46



Table Id

Duncan's Multiple Ranye Test for Comparison c,

Days for Letter Error Count

Alpna = U.US af a 46 MSE * b.UbJ3j

Uroupiny Mean N Days

b.1333 15 1

2.b333 15 2

2.4UUu 15 4

2.4UuU 15 3

1.8UUU 1 b
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Numbers: Figure 16 and Table 19 come from the data for
the error count on the numbers test. The Analysis of Variance
(Table 20) shows condition and day as significant and the.
interaction term approaching significance. The Duncan
Multiple Range tests for conditions and days are listed in
Table 21 and 22 respectively. Of note, but not statistically
significant, is the fact that the days are not in the regulir
chronological order. Days 3, 4, and 5 are reversed but are
not significantly different from one another.
Confusion Errors

Table 23 shows which letters were confused with other
letters for the two chord keypad conditions. Since there were
four letters in each sequence and 25 sequences in each list, a
letter should occur an average of approximately four times in
each list. The list was presented to the research participant
five times meaning that the participant would have an
opportunity to enter a particular letter 20 times over the
course of the experiment. If a letter was put in place of
another letter four or more times it appears in the table.
This is an error rate of 20 percent or more. For example, the
letter 'D' was entered in place of the letter 'C' more than

I, four times by the subjects in the plain condition. As is
shown by the chart only two letters appear in both conditions,
those are the letter 'F' being entered instead of the letter
'D' and 'Z' instead of '0'.
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N MEAN VAR

CONDTI- DAY
ON

KEYPAD 1 5 2.40 5.30

2 5 1.40 2.80

3 5 1.20 0.20

4 5 0.80 0.701

S S 1.40 1.30

NEMON 1 5 8.00 16.50

2 5 4.40 15.30

3 5 1.40 2.30

4 5 2.60 2.80

5 5 4.60 4.80

PLAIN I 5 6.20 5.20

2 5 6.20 9.20

3 5 2.20 1.20

4 5 2.60 1.80

5 5 2.60 0.80

CONOTI-
* ON

KEYPAD ALL 25 1.44 2.01

MNEMON ALL 25 4.20 12.17

PLAIN ALL 25 3.96 8.21

DAY

ALL 1 15 5.53 14.41

2 15 4.00 12.001

DAY

ALL 3 15 1.60 1.26

4 15 2.00 4.29

5 15 2.87 3.84

ALL ALL 75 3.20 8.84

TABLE 19

ileanS an Vrjrarlces tor ; u -1,er .rrror ..oun:
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TAbLE ZU

Analysis of Variance for Number Error Count

Source df MS F PR>F

Condition 2 b8.44UU b.b9 U.U193*

Day 4 38.2333 9.4U U.OOU1

Condition x Jay 8 63.3867 1.95 0.0742

Error Subject(Condition) 12 1U.4UU

Error Subject*Day(Condition) 48 4.U683

Total 74 13.8378

*Siynificant at p < U.05
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TablIe 21

Duncan's Multiple Range Test for Comp~arison of

Conditions for Number Error Count

Alpha = U.U5 df = 12 MSE = I.4b

Grouping Mean N Condition

4.2U00 2U MnemniicI.6U 2U Plain

I1.44(M) 2U Keypad
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Table 22

Duncan's Multiple Range Test for Comparison of

Days for Number Error Count

Alphia = 0.Ob df = 48 MSE =4.U6833

Grouping Mean N Oays

15.5333 15 1

14.0000 1b 2

i2.8667 15 b

2.0000 1b 4

1.6U00 15 3
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TABLE 23

Confusion Matrix:
Mdtrix of letters whicn were entered more than four times
incorrectly for a particular letter.

Correct entryA C 1 E F I

INCORRECT ENTRIES

Mnemonic: 6F

Pidin: M ) FY

Correct entry H I I K Li M N

INCORRECT ENTRIES

Plain: L R I

Correct entry U P (S _

INCURRECT ENTRIES

Mnemonic: VZ

, Plain: Z

-

INCORRECT ENTRIES

,; Mnemon ic : LQ

J
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CONCLUSIONS AND RECOMMENDATIONS

To summarize, neither keypad, given the constraints of
training and practice time, was found to be superior in
terms of speed. The 4X4 keypad was however, found to havf•

significantly less errors than the Microwriter. The st.cord
objective of the study dealt with the difference in error .
due to the use or non-use of the memory aids. There was
slight evidence to show that mnemonics increases the .umber
of errors. Confusion between different letters occurred by
the use or nonuse of the memory aids.

The third objective dealt with an arbitrarily set
level of proficiency to be gained on the various keypads.
This was set at 50% of the average speed demonstrated on
the beginning OWERTY typing test. The average speed was
calculated to be 39.45 words per minute or 197.25
characters per minute. The 50, level would therefore be
98.63. This level was not gained on an), of the conditions.
The 25% level, however, was attained by all conditions (see
Table 24).

For the fourth objective of this study, it was found
that slight practice on the 4X4 keypad does show
improvement in performance, at least during the first four
days. There was some evidence that a plateau of behaxior
was exhibited during the fifth day.

Given the short time each operator had in trainir
(2.5 hours during five days) neither Microwriter or 4%.1
keypad shows a really definite advantage in terms of speed.
On the test for numbers, condition is shown to be
significant beyond the 0.05 level (Table 6). Upon
inspection of Figure 12 it can be seen that it is the
mnemonic condition which caused the difference by having
such relatively high times for the first two days. T.-I
difference is gone by the third day, the line converging
with the rest. This convergence gives rise to the
significant interaction term.

Figures 17 and 18 show th. overall means by cond.tio,
for sequence times. In these figures, it is apparent that
there, is very little difference in times. The keypad t enJ.
to show an enlarged difference in comparison to thp
conditions on the Microwriter when tested with number., bu'l
it was still not significant. Figures 19 and 20 ate t a-
charts showing the overall means by condition for list
times. Again visible is the tendency tnonsignificant ftY

5' k,-ypad to take longer for letters and short . for numbte..
This is not surprising since it takes two separate an.
distinct ktcypresses and even a visual search for the
correct key in order to get one letter. It was expect-d
that the keypad would take a much shorter time for ke,.-nj,
t,, 'ausf. of the fami I arization with the keyboard that alI
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TABLE 24

Data Entry Rates by Condition and by Type of Test

DATA ENTRY RATES (ALL FIGURES IN CHARACTERS PER MINUTE)

SEIUE;wCE LIST

BEGIN END AVERAGE BEGIN END AVERAGE

ALPHA 73.2 79.2 76.2 46.2 46.1 46.1

KEYPAD NUMERIC 80.8 83.3 82.1 50.9 50.1 50.5

AVERAGE 77.0 81.2 79.1 48.5 48.1 48.3

ALPHA 83.6 93.0 88.3 57.7 59.4 58.6

MNEMONIC NUMERIC 66.3 69.0 67.6 51.0 50.9 51.0

AVERAGE 75.0 81.0 78.0 54.4 55.2 54.8

ALPHA 88.9 99.6 94.2 60.4 59.8 60.1
PLA IN

NUMERIC 71.4 71.2 71.3 54.6 49.7 52.2

AVERAGE 80.2 85.4 82.8 57.5 54.7 56.1
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research participants had. Expectations were that the more
familiar with the phone, the faster the person should be.

Where the keyboards differ greatly is in terms of
errors. Condition is significant in both of the Analyses
of Variance for error. In each (Tables 16 and 20),
condition is significant to beyond the 0.05 level. The
corresponding Duncan tests (Tables 17 and 2> ! register
keypad differently than the other two conditions. ThLe
keypad had fewer errors at the end. It is of note that
there is an absence of a significant interaction term in
both, yet the relevant graphs, !Figures 15 and 16
respectively, show man) changes in angle of the lines.

Looking at Figure 2] which has the overall error mear:F
by condition for letter tests it is seen that keypad has a
smaller error rate than the other two. For the numbers
tests, Figure 22 is of importance. In both analyses, the

Nkeypad was found to have significantly less errors than
both of the Microwriter conditions.

For the confusion of letters for the chord keypad,
only two letters appear in both conditions as being
confused with the same letter four or more times in each
condition. From this it is evident that the use or nonus-
of the memory aids does lead to different errors.

All research participants were able to become familiar
with all of the chords within the first session. The
sequence time values of the first test given (when most
chords were not learned and extensive use of the cue card
was necessary should give an indication of the difference
in search time for the two conditions. Looking at the
proper figures and tables (tests for the first day: Figures
11 and 12, and Tables 2 and 5), searching for the correct
chord does not seem to be a problem for letters and only
marginally for the numbers.

Entry rate on the keypad improved marginally over the
duration of the study. As shown in the various interaction
graphs (Figures 17 through 20) all keypad lines have :
general downward trend. All Analyses of Variance dealing
with time values have day as significant, although whether
this is significant for just keypad is doubtful. A
follow-up study readily suggfsts itself at thir point.

Relying on these conclusions, chord keyboards of th-
handprint type tested here should not be used in
applications which do not warrant long training times.
Applications which cannot provide a large amount of
training and which also have severe consequences for errors
should not use a handprint chord keyboard. The 4X4 keypad
should be used only in those situations which require
infrequent and brief entry. It is possible that a 4:.1
keypad could be used in a heads--up data entry task, but
only after a long period of training. Furth,.r study I!

5,- needed to asrertain how feasible this is, and whe'ther ,tl,.
encoding methods would work better.
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beyond tne U.U5 level. The corresponaing Iuncan tests (Tables

17 and 21) register keypad differently than the other two

conditions. The keypad had fewer errors at the end. It is of

note that there is an absence of a significant interaction term

in both, yet the relevant graphs, (Figures lb and 16

respectively) show many chanyes in angle of the lines.

LooKing at Figure 21 which has the overall error means by

condition for letter tests it is seen tndt keypad has a smaller

error rate than the other two. For the numbers tests, Figure 22

is of importance. In both analyses, the keypad was found to

have significantly less errors than both of the Microwriter

conditions.

For the confusion of letters for the chord Keypad, only two

letters appear in both conditions as being confused with the

same letter four or more times in each condition. From this it

is evident thdt the use or nonuse of tne memory dids does lead

to different errors.

All research participants were able to become familiar with

all of the chords within the first session. The sequence time

values of the first test given (when most chords were not

learned and extensive use of the cue card was necessary) shouli

give an indication of tne difference in search time for tne two

conditions. LuoKing at the proper figures and tables (tests for

tne first day: Figures 11 dnd 12, and Tables 2 and t), sedrcniln

for tne correct cnord does not seem to be a problem for letters

and unly marginally for tne numbers.
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A number of other follow-up studies and related
*. studies are suggested by the research documented here.

Starting with the results of the OWERTY skills test which
was used for classification of research participants into
groups, but was otherwise unused in the final analysis, a
study should be done to investigate transfer effects
between the conventional typewriter and different types (f
chord keyboards. The question of whether skill on a CWERTY
board or the manual dexterity involved has an effect on
beginner chord users can be investigated using skilled
typists and accomplished pianists.

Due to the limited amount of time at the keyboard
that volunteers were willing to endure, asymptotic behavior
was not reached although a plateau to speed was. A longer
study using longer practice sessions, a longer span of days
or both should be done to establish a learning curve for
both keyboards, the upper limits to speed, and if the chord
keyboard actually meets performance claims made by the
manufacturer. Research participants for this study would
have to have some external motivation greater than the
intrinsic rewards available in this study.

The effects of different activation force curves for
the keys and different key technologies, different
curvatures of the palm rest and even an adjustable palm
rest should all be investigated to make the chord keyboard
more acceptable to the novice user. Retention of skill
over weeks or even months for relatively long time users
would make another good study.

The use of various operator populations also lends
itself to study. The chord keyboard has been integrated
into control columns of certain aircraft for in-flight data
entry. Keying ability under workload or stress, with
gloves, and in various acceleration environments such as
those found in military aviation should be investigated
with chord keyboards.
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APPENDIX A

COPY OF TEXT USED FOR TYPING TEST

Exercise 161 Stroka
From the common-sense standpoint, evervone understands, or considers 68

that he understands, what is meant by time or duration; but an appreciation 143
of its real nature, with its aaumed infinite duration in the past and its 217
infinity in the future, has always baffled the philosopher. According to 290
Newton, absolute, true and mathematical time, by itself, flows uniformly 362
on without respect to anything external. He thus conceived time as some- 435
thing which would continue even if there were no other physical 498
phenomena, no material bodies, and no human being in existece No 565
method, however, can be imagined whereby such absolute time could be 633
directly measured, and it is clear that for time measurement it is necessary 709to consider other physical changes in addition to time itself. 771

The change with which time can be most conveniently associated for this 842
purpose is motion, and time-measurement is based upon the observation of 914
a standard uniform motion, the rotation of the earth on its axis being that 989
actually employed. 1007

The theory of relativity, with which Einstein's name is associated, has 1078
for long attracted considerable attention, and it includes an idea of time 1152
quite different from that enunciated by Newton. According to this theory, 1226
there is no universal absolute time, and the measurements of both time and 1300
length will vary with the motion of the observer making the measurements. 1373Two observers on different moving systems will fail to agree as to what 1444
constitutes equal periods of time or equal lengths of bodies, and they will 1519
not always agree as to whether two events occur simultaneously or otherwise 1594
even after adjustments have been made for the time taken by light to travel 1669from the observed bodies to the observers. Measurements of the velocity of 1744
light, however, give the same result for both observers. The differences 1817
between the measurements of time and length by the two observers are 1885
wholly inappreciable for motions relative to one another which come within 1959
the range of human experience, and no practical difficulties, in connection 2034
with clocks and watches, arise from this theory. 2082

The rotation of the earth, upon which practical time measurement is 2149
based, is determined by the apparent motions of the heavenly bodies, and 2221
some acquaintance with astronomical principles is necessary to appreciate 2293
the methods employed. 2314

Although the stars are at different distances from the earth, they can all 2388be imaguied as projected upon a sphere of which the earth forms thecentre. 2463
:493 to,'i
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ALL PROGRAMS USED IN EXPERIMENT
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TEST. MAIN

IU DIM A$(2t),A1$(?b),AZ$(2t),AJ
$(2b),A45(25)

ZU RD a - 1bJi4:CL - 1bJb
3U U$ - CHK$ (13) + CHH$ (4)

4U TEXT : HOME : VTAd 8
tO PRINT "Lij ENTRY OF UATA"
bU PRINT "LZJ EUlTIN6 OF VATA"
7U PRINT
8U PRINT "Lii TESTIN6 PROCESS"
9U PRINT "4] PRACTICE SESSION"
OUU PRINT

11U PRINT "Lbi PRINT OATA"
12U PRINT "[b] PRINT RESULTS"

IJU PRINT
14u PRINT "Li EXIT TO SYSTEM PH

UMPT"

ibu VTAb ?U
ibU PRINT "PLEASL CHUUSE (I-7)

17u GET L$: PRINT Z$
18U IF VAL (Z$) < 1 OR VAL (Z$

)> / THEN 4U
19U UN VAL (L$) GUTO 22U,2UU,4d

U,IU,bUU, /U,134U

2UU PRINT U$;"RUN TEST.EUIT"
21U PRINT 0$;"RUN TEST.PRACTICE"

22U REM

ENTRY OF uATA

Z3U (USUB 1b4U
24U HOME : VTAb 5: HTA1 11
bU PRINT "PLEASE INPUT UATA"

?bU VTAb 6
27U FOR X I To 12
2dU PRIiiT PC( (X < iU));X;".

2YU INPUT .. ;AS{X,
3UU NEXT X
jiu FUR x 13 TO et

32U VTAB X - t: HTAb ZU
3Ju PRIiJT X;". ";

j4U IrNPUT .. ;AS (X'
4 u NEXT X
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4bU ONERR UUTO 14bU
370 PRINT U$;"UPEN ,TS$"0,LU"

3b0 PRINT U$;"REA) -'TS$.. ,RU-
39U INPUT REC
400 FUR X - 1 TO Zb
410 PRINT V$;"WHITE "TS$",R";RE.C

420 PRINT A$(X)
43U NEXT X
440 Pkli'iT U$;"WR1TE "TS$" ,RU"l

46U PRINT REC + 2!)
4b0 PRINT V$;'CLUSE "TS$
47U (G0TU 4U
48U REM

TESTINU PRUCESS

490 HUME
tiUU VTAB 12
blU PRINT a"I. TEST WITH KEYbOARL)

5ZU PRINT "2. TEST WITH MICROWRI
T ER"m

b3U PRINT
to4U PRINT "PLEASE CHOOSE (1/2)

b!3u (ET L$: PRINT L$ '

bbU IF VAL (Z$) < 1 OR VAL (Z$
)>4 THEN 49U

b7U ON VAL (Z$) GUTU 580,590
68U PRINT U$;aOHUN TEST.KEY13ARUaa

590 PRINT U$;"RUN TEST.MICRU"
bOO REM

PRINT UATA .

610 HOME
b2U UU)U bt4U
bjU VTAd IZ
64U INPUT "PRiNTER SLOT :";PR
bt)0 PRINT U$;aOPR#aa;PR
bbu PRINT 0;'OPEN "TSS",L2U"
t37U PRINT V$;"REAU -'TS$",RU"-
odU INPUT NEC.
t),u FUR x a 1 TO REC.

100 PRINT US;"RLMU "T S--,R .;x
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/1U INPUT AS
72U PRINT SPC( (X < IU));X;".";

AS;
7ju IF PR - U THEN FUR C 1 TU

tUU: NEXT C
74U NEXT X
7bU PRINT U$;"CLUSE "TSS
76U PRINT U$;"PR#U"
77U PRINT : PRINT "PLEASE PRESS

ANY KEY TU CUNTINUE";: WAIT
RO,12b: PUKE CL,U

78U GOTU 4U
7qU REM

PRINT RESULTS

8LU HUME
8IU VTAb IZ
82U INPUT "PRINTER SLUT :";PR
822 PRINT "PRINT ONE FILE UK ALL

(1/A) :";
824 GET Q$: PRINT Q$
8Zb IF Q$ < > "1" ANU <S < >

A" THEN VTAB I: GUTU 822
828 IF Q$ = "I" THEN 1J42
83U DIM TS$(Zbb)

4U PRINT U$;"UPEN TEST.RESULIS"

8bU PRINT O$;"READ TEST.RESULTS"

8bU UNERK GUTU 9UU
87U X = X + I
88U INPUT TS$(X)
9U GUTU 87U
9UU PUKE 21b,U
91U PRINI D$;"CLUSE TEST.RESULTS

92U FUR NUM = I TU X - I
93U PRINT U$;"OPEN "TS$(NUM)
94U PRINT U$;"REAU "TS$(NUM.
9bU INPUT NI$: INPUT N2S: INPUT

NJ$
96U INPUT NtlbK
9/u FUR L = I TU NMbR
96U INPUT AI$(Z),AZ$(Z),AJ$(Z),,

4S(L,

99U NEXT Z
IUUU PRINT 0$;"CLUSL "[b$(NUM,
IUIU PRINT US;"PR#";PR
1U2U PRINT SPC( 4U - LN (N1-
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)/ 2));NI$

1UJu PINT !PC( 4U - ( LEN (N2$
) 2));N25

1U4U PRINT SPC( 4U - ( LEN (NJS
) / 2));Ni$

lUbU PRINT
lUbU FUR L x To I4msR STEP t

1U7u PRINT A1S(Z);
IUbiJ FUR Q = 2 To t
lUYU PRINT SPC( 16 - LEN (AIS(

Q +Z - 2)));A1$(Q + Z - 1);

11UU NEXT Q
111U PRINT

112U PRINT A2$(Z);
I1JU FUR 4 = 2 To 5

114U PRINT SPC( lb - LEN (A2$ '
Q + L - 2)));Ae$(Q + L - 1);

11bU NEXT Q
l1bO PRINT
117U PRINT A3$(Z);
118u FOR Q - 2 TO b
119U PRINT 5PC( 16 - LEN (A3$k

+ Z - 2)));AJ$(1 + Z - 1);

12UU NEXT
121u PRINT
1220 PRINT A4$(Z);
12JU FUR Q = 2 TU b
124U PRINT SPC( 16 - LEN (A4$(

Q + - 2)));A4$( + L - 1);

1250 NEXT Q
12bU PRINT : PRINT
1I7U NEXT Z
1l2U PRINT : PRINT
19U FUR Q = 1 TU 79: PRINT

: NEXT Q

13UU PRI NT
1410 PRINT 0$;"PR#U"
132U NEXT NUM
13u LUTO 4U
1JJ2 REM

PRINT UNE

1333 HUME : VTAB 12
1444 INPUT "PRINT WHU? :";TSI'

133b UNERR GUTU 1339
1437 NUM = 1:X = 2
1iji GUTU 92b
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1439 HOME : VTAb 12: PRINT TS$(I

)" IS NUT UN FILE PLEASE": PRIN
"CHECK SPELLING A14U ftY AMAI
N": VTAB Z3: INVERSE : PRINT
"PRESS ANY KEY TO CONTINUE":
NORMAL WAIT - 1b134,126:
PUKE - lbJbd,U: PUKE 21b,U
: UTU 4U

134U REM

EXIT TU SYSTEM

135U HUME
13bU VTAb 8
137U PRINT

138U PRINT ""

139U PRINT "* PRUOH
AMY *

14UU PRINT "b bRIAN S.
PLOTKIN

1410 PRINT "* (C) 04-
iu- P"

142U PRINT '

1430 PRINT "*******************"

144U NEW
14tO EN
146U REM

OPEN NEW UATA

147U PRINT D$;"UPEN "TS$",L20"
148U PRINT 0$;"W8ITE "Ts$",RU"
149u PRINT u
Ibuu PRINT D$;"CLUSE "TS$
151U PUKE Zlb,u
Ib2u REC = u
15JU GUTO 37u
Io4U HOME : VTAt 1Z
ibbU PRINT
lbbu INPUT "'RLATE/USE UMTA LT

it:";L)T

ib 7u TS$ = "TE.r.uAIA" + STIS (.
T)

i dU HUM
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TEST .EL)IT

10 UNENR (iJTU 8UU
2U U$ =CHIR$ (13) +' CHR$ (4)
30 TEXT :HUME
40 VTAd 12
bU PRINT "I) LIST OATA'
60 P~RINT "?) EUIT UATA"
7U PRINT "3) R~ETURN TO MA:N f4Ei~u

dU PRINT: Ri
9U PRINT "CHOOSE 1-3 '

100 UET Aj
110 PRINT A$
12U A x VAL (A$)
130 IF A 1 I UR A > 3 THEN J0
140 UN A uL)Tu IDU,423U,biU
15U) REM

LIST UATA

160 GUSU6 7 U
17U HUME
IdU VTAd 12
19U INPUT "PR~INTER SLuT :";Pk
200 PRINT V$;"Pk~#";Pk
210 PRINT U$S;'UPEN ";TSS;",LZu"
22U PRINT U$;"IRLAD ";TS$;'ARu"
2.SU INPUT REL
24U FUR A 1 TO kEL
2tiu PRINT US;"tLAO ";TS$;' ,N;A
26U INPUT AS
270 PRINT A". "A$-;
28U NEXT A
29U PRINT oS;"PRX#
300 PRINT fJ$;"CLOSE ";TS$
Jlu Lusub bbo.

340 uu~u~ 7u

3u Rim 1

i~u iNPT LIT uMTM,

J4U UJ~b 73

30 Pq: NT DS; "UPE N ;T S; Z,,
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400 INPUT AS
410 PRINT L$;"LLUSE ";TS$
4ZU HUME
4dO VTA6 12
44u PRINT "IJATA LURRENTLY IS:;

AS
4tu INPUT "CHANUiE Tu

4bU VTPMb lb
47U PRINT "LhANUE ";A$;" TU ";tiS

"? (Y/N):;
48U GET QS
49U PRINT
buu IF Q$ < > "Y" ANU WS<

N" THEN 46u
!lo IF Q$ < >"Y" THEN 5bu
52U PRINT D$;"OPEN ";TSS;",L2U"
b40 PRINT U$;"WRlTE ";TS$;",R";E

U
540 PRI1NT 6$
btiU PRINT L)S;"LLUSE ";TS$
560 HU)ME
b7U vT~b ld
ts8u PRINT "EuIT ANU)THLR ?"
59U GET Q$)
bOO IF Q$ < > "Y" A1L) Q$

N" THEN 560
bli IF Qi = "N" THLN 30
62U LiUTO 350
b3U R~EM

RUN MAIN MENU

64U PRINT OS;"RUN TEST.MAIN"

* ,)ubRjuT iLE,

bbU VTA8 2--
b/U INVLR5L
boU P) IN'T "PKLS,5 ANY KLY TU LU ,*

lI~U E"- 3541
b9U wAIT - b6,c
7UU PUKE - lb.3bd,u

* 1Id NUtNMA..
;Zu R ET iR,,
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7ho HUME
74U VTAB 12
7bU INPUT "USE UATA SET # :";A$
7bU PRINT
71U HUME :VTA6 12
780 TS$ = "TEST.DATA" + A$
79U R<ETURN
800 REM

ERROR

810 HUME
820 VTA6 12
83U PRINT "YOU MUST FIRST ENTER

THE UATA!"
84U FOR X = 1 TO 1bUU: NEXT X
850 PUKE 21b,U
6bU LiOTU 63U
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TEST.MICRO

I HUME : LF PEEK (7b) = 7b THEN
CALL 777

2 IF PEEK (7b) = 7b THEN GUTU
4

3 0$ = CHR$ (4): PRINT U$"BLUAU
B.MILLISECUNDS"

4 CALL 7b6: REM SET UP INTERRUP
TS

b B = 2b: HOME : REM QUESTIONAb
LE USE OF VAR B

b HUME
2U TEXT : HUME :SLUT 2
3U PK = - 16384
4U U$ = CHR$ (4):RU : PK:CL = RD

+ lb

bO DIM A$(2b),INCR$(Zb)
7U INPUT "USE DATA SET # :";UT
8U TS$ = "TEST.UATA" + STR$ (UT)

90 HOME : VTAB 12
IU INPUT "SUBJECT NAME :";N1$
11U INPUT "TESTING DATE :";N2$
IZU INPUT "TEST METHUO :";N3$
130 PRINT D$;"OPEN "TS$",L2U"
14U PRINT D$;"REA "TS$",RU"
IbO INPUT REC
ibo IF REC = U THEN 69u
170 FUR X = I TO REC
iU PRINT O$;"REAO "TS$",R"X
19U INPUT A$(X)
2UU NEXT X
21U PRINT O$;"CLUSE "TS$
220 X = 1
23U PRINT CHR$ (4);"IN#2"
24U HOME : VTAB 3: PRINT SPC( I

b);"ENTER UATA"
2bU VTAB 4: PRINT SPC( 1b);"NUM

bER :";X
26U PRINT : PRINT SPC( lb);"ENT

ER :";
27U GET T$
UU IF ASC (T$) < 97 THEN 32U
31U T$ =CHR$ ( ASC (T$) - 32)
32U PRINT T3;
32b CALL 771: REM RESET COUNT A

NO STARTS TIMER
33u Q QS + TS
3tu GET T$
idu IF A'C (T$) < 97 THEN 4UU
39U T$ = CHRS ( ASC (T$) 32)
4uu 0$ = JS + TS
41U PRINT F$;
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42U IF LEN (Q $) < LEN (A$(X)) THE
350

43U PRINT
431 CALL 774: REM STUP TIMER
432 MS = U: FOR A = 78U TO 783:MS

= MS * - PEEK (A): NEXT

433 C MS / 1U4:S = INT (C):MS
= (C - 5) * 1UUU

44U FOR Q = I TO LEN (A$(X))
4bU IF MID$ (Q$,Q,I) < > rMil$

(A$(X),Q,I) THEN WR = WR + I

460 NEXT Q
461 TIME = S + (MS / IUUU)
462 TIME = TIME * IOUU
463 TIME = INT (TIME):TIME = TIM

E I 1UUU
48U INCR$(X) = STR$ (WR) + CHR$

(13) + Q$ + CHR$ (13) + A$(
X) + CHK$ (13) + STR$ (TIM
E) + " sec"

49U X = X + I
bUU Q$ = "":TIME = U:WR = U
b1U IF X < = REC THEN 24U
b1i SLUT = 4
b3U TT$ x "TEST.RESULTS"
b4U PRINT D$;"APPEND "TT$
bbU PRINT 0$;"WRITE "TT$
66U PRINT N1$
57u PRINT L)$;"LUSE "TT$
bS8U PRINT D$;"UPEN "N1$
59U PRINT U$;"WRITE "N1$
6UU PRINT N15: PRINT N?$: PRINT

N3$: PRINT REC
61U FUR X = i TO 2b
620 PRINT INCR$(X)
63U NEXT X
641 PRINT U$;"CLUSE "NI$
6bU GUT. 72U
bb0U PRINT U$;"UPEN "TT$
67u PUKE 21b,u
b6U UTU tbU
690 HUME : VTAB 12
/UU PRINT "YOU MUST HAVE FIRST E

NTERED THE DATA TO bE TES
TE !"

71U FUR X = 1 TO 1UUU: NEXT X
720 PRINT U$;"IN#U"
7JU PRINT U$;"RUN TEST.MAIN"
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TEST.PRACTICE

lu TEXT : HUME2U PRINT "PRESS CTRL-UPEN APPLE-
RESET TO EXIT"

3U PUKE 4,1
4U SLUT = 2
5U UNERR BUTU Iz
60 PRINT CHR$ (4);"IN#"'sLOT
7U GET AS
8U IF A$ = CHR$ (3J THEN IZU
9U IF A$ = CHR$ (8) THEN PRINT

CHR$ (8);" ";
1U PRINT A$;
11U GUTU /U
12U PRINT CHR$ (4);"IN#U"
13U PRINT CHR$ (4);"PR#u"
14U PUKE 216,U
lbU TEXT
IbU PRINT CHR$ (4);"RUN TEST.MA

Ii'~
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I Hui: IF PELK (166) : 76 THEN
CALL 777

2 IF PEEK (76d) = 76 THEN GUTU
4

3 US = CHR$ (4): PRINT U$"bLUAU
B .MILLISECUNUS"

4 CALL 768: REM SET UP INTERRUP
TS

b B = 256
6 HUME
2U U$ = CHR$ (4):RU = - 163b4:C

L = - 16368
3U UIM A$(?5),INCR$(Zb)
4U HUME : VTA3 12
5U INPUT "USE OATA SET # :";DT
60 TS$ = "TEST.DATA" + STR$ (UT)

7U UNERR GUTU 72U

80 GOSUB 76U
9U HUME
10U VTAB 12
110 INPUT "SUBJECT NAME :";NI$
12U INPUT "TESTING DATE :";N2$
13U INPUT "TEST METHUU :";N3$
14U PRINT D$;"UPEN "TS$",L2U"
1bU PRINT U$;"READ "TS$",RU"

16U INPUT REC
17U IF REC = U THEN 72U
18U FUR X =I TO 25

19U PRINT U$;"REAUI "TS$",R"X
2UU INPUT A$(X)
21U NEXT X
220 PRINT U$;"CLUSE "TS$
23U X = 1
24U HUME : VTAB 3: PRINT SPC( I

5);"ENTER UATA"
?tu VTAB 4: PRINT SPC( 1b);"NUM

BER :";X
26U IF PEEK (RD) < 127 THEN 26U

27U QI$ = CHR$ ( PEEK (Ru) - 126

2bU IF Qli$ = CHR$ (13) THEN 45U

290 PUKE CL,U
3UU CALL 711: REM START CUUNTER

31U IF PEEK (RD) < iZI THEN JlU
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JZU Q VAL (Ql$):Q1$ = LHR$ ( PEEK
- I : HUKE L,J

3bU iF PEK ,Ko, < 127 THEN "bj

JbU Q15 = LHRi ( PEEK (RU) - IZ6
): PUKE CL,U

37U IF Wl$ = CHR$ (13) THEN 4!U

38U IF PEEK (RD) < 127 THEN 38U

39U Q = VAL (Q1$):Q1$ = CHR$ ( PLLK
(RD) - 128): PUKE LL,U

4UU GUSUb 86U
41u VTAb 12: HTAb 12: PRINT Q$
420 IF LEN (J$) = LEN (A$(X)) THE,

4bU
440 (UTO 3bU
4!U PUKE CL,U
4b CALL 774: REM STOP TIMER
46U MS = U: FOR A = 78U TU 783:MS

MS * 8 + PEEK (A): NEXT

461 C = MS / 1024:S = INT (C):MS
(C - S) * lUu

4b2 TIME = S + (MS / 100U)
4b3 TIME = TIME * IUUU
464 TIME = INT (TIME):TIME = TIM

E / 1UUU
4/U FUR L = 1 TO LEN (AS(X))
48U IF MID$ (A$(X),Z,I) < > MIUD

(Q$,L,1) THEN WR = Wk + I
49U NEXT Z
buu INCR$(X) = STR$ (WR) + CHR$

(3) + Q$ + CHR$ (13) + A$(
X) + CHR$ (13) + STR$ (TIM
E) + " see"

blU WR = U:TIME = U:Q$
b20 X =X + 1
b3U IF X > REC THEN bbU
b40 GUTU 24U
b5U UNERR (U[TU b9
b6O TT$ = "TEST.RESULTS"
b5U PRINT U$;"APPEiwU "TT$
560 PRINT D$;"WRITE "TTS
!Yu PRIiT NI$
bUU PRINT U$;"CLUSE "TT$
61U PRINT U$;"UPEN ";NI$
62U PRINT D$;"WRITE ";NIS

PRv P i t- NIS: PHINT Z :# l

N3 : PRINT RE,-
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b/U PRI ilT US;"CLOSE ;j
bdU LUTU 7!DU
t9U PRiiT US; "OPEli "TT$
70u PUKE Z16,U

72UJ HOME :VTAd3 le
7J0 PR<INT "YoU MluST HIAVE FIRST E

INTERED THE UATA TO dE TE-,
TEL)! !

74U FUR X = I TO l.Uuu: 1NEXT X
7tiU PRINT U$;"RON TEST.11AIN"
IbLJ REM

UATA VAR IAbLiS

77U ZS(1) = %U
7bu LSW~ = "'Vwx"
790 L$(3) = "Y L"
tsUU Z$(4) = KL
61U L$(b) = "MNU"
82U Z$(6) = PR
830 IS(?) =AC

84U Z$(6) ="UEF"

6!D Z$(9) H "(I'
6bU RETURN
67U REM

SUd-SL iTT Iru

68U IF (41$ = "U" THEN Q4$ = (4$ +
LEFT$ (L$((4),1)

8YU IF (41$ =""THEN (4$ = (4$ +

YOU IF (41 =". THEN Q4$ =(4$
RIUiHT$ (L$((4),1)

910 RETURN
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APPENVIX C

INFURMEU CUNSENT FLKi,

INSTRUMEN TO OBTAIN INFORMED CONSENT

1, -,hove bee-
by Mr. Sheldon A. wolsteif that I have been selected to portlc o i "

study conce-ning the learning ano use o' a new single-hanoec *e-:--
arc the use of a A:4 numeric keypar.

1. I mave tee- given an e::jolnetOn of tme zroceOureS to be *.. -EZ.

including an identificatio' ot those wr, ich are el:pe-xmenla..

I have been give- a aesc-l:on C the attencent aisccz-= a-:
rx si, which nrc2joe iev:nc in data or, both tces T , I.: :- 7

which :s presented Dy a cassette tape plaver.

. 0)#ve Veen giver, a desc jptlon o4 trie uene its to be e; ecter.

4. I have been given a description oi .Doorlate a!t- . .
procedu-e% tnat would oe advantageous to Ire.

t. I have Veen offered ar answer to any inouries conce'hI-: -

orocenres.

6. 1 have bee- instructed t'Iat 1 cm +ree to withdraw my co-seC- 7:
discontinue my perticioea:ion in the project 01 actlvitv 9.
time.

7. I nave been assrec that steps w111 be tale tc e-.-
confidentiality o4 the results.

9. I inders-eno that in the eve-t oi physical injury result: *r:
the research procedures oescribed to me that the-e w±;. e

4inancial compensation or free medical treatment oterec t: --

9. I have not oeen reouested to walve c- release the inst'L ,Lc- ,
agents or sponsors from liabilit 1 for the negligence 04 :ts A;e-:

or employees.

I, the undersigned, move unce-stocd the anove e:DlonatlonS aC r L

consent to my vOluntarv oartitcioatiOr in Mr. Sheldon Woiste s - esc -
proje2.

Slanature ot subject
Date:

Frinc:oal Investigator: Sheldon A. Wolstein
) 1ZI1 Unive-s:ty Oaos, C.S.. Ty

Amcther Contact Person: Dr. Rodger Koppa

Te,:as Transportation Institute
Human Factors Division. C.S.. TI
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APPENDIX D

TRAINING MATERIAL FOR MNEMONIC CONDITION
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tt'a.ri yo-- aloer. tor eareeina to' partic2DF.tte 2r. tru StUOV.

The D~rpose c't th~is part c- the StL'd,- is to teach YOU how Ito l.EF
Mi crowr 2ter I e,boarr3.

1vo,_ hav in auest ionS p~e~te don t hesit~tv' to esi

Af-ClJ THE MICCOWPITE -

Ire M1iro,-iter is F reletivel,; nevi OevlrS. OeVE-10Ped t, Pr,~ic

431rr: dircto" livirnc in Enclend. Cv Eriield. T-e cor-c-r- Me'-sF,
t!iE- ae ice~ is c&.11ed Microwr~te-- LIE'. a nt, is whoily- ow t. n t..

Lite i-SELrance Co. which is a 1'-ale inSulr~.Ce tir from~ Erai~nc.

1'iCrLW1iter is i own 4?s c- SI in 1E ha.rd. S1:- I c- 1ranr i rl c"
I eboarv. That it is single hand operation or, si' ev E i s c I ..

H Lcoint" rne~r,s t h at the I evs are 1 &I a OLit SO the- hanc r c-st s
ri~tUr*& 1 V on the eys as oproosed to havi na the iceys in a Z Y -

*VChord' re~ers to the +act that qener&1.l v rrOre tha.n ore I ev rs E te

strUC to ProdutCe a character, simila'r to, oie-no chords.

IHING~E YILI NEET TO t4C'L* FTF-,S1

't s not~ 1 1 e acc.., eti on.& t,0c~r. It-ere are only t I evs 't rE
MAIN KEYBOARD PIu-S tic "COMMAND KEY" (wr.icr. wie won't need +or & 'r C':

s': try to ijr'ore it)

IS & i Ctukr- Ot theI eyboard * show: nc vnere each tine c lE
,3,,- rad is su-ocoserl tL. cc..

r11EELE tircer

e l* =*,r mtn i t E

tjr.. thFre is ver' 1

DON'T wave your fingers about on the -eys or use

them on any k.ey other than the one they're

supposed to use (as shown on the chart above).
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t- c- svn- -im to r Tc-E * -E

-'C 'C e : tt LIE n:rw-st c. r':

tI..,-I= 15 *_fm..r tt to c-! tr to r r-E .-

wrcn: Ec-.-: a C." Clov - Ce. c Iec to cm

-,ISC. cr-Cc .:,. Btert *.nt I n tce E. cc,!-::l1c- s-t tt'iflCzs et
trI e I c- S t -inlcei Wces hc~ me' e tr!e a dt 4E-ren't +t r-

t ,F ~-jr tC-r. F Ir st'. t Er e.-s If -
toLchsenit-e I 1:Ctcr time &r; o)nr tvqetq- tE-.

mr-pc VCL' n et e- + a rr t-t aoes ME r. t re & o~ T -. C
insteic s to tec: r, wi t!-. Se:'rnd'. t!,n e stIt E.r voC._ -

mo! cr w-ti n~,h trfl I e- s ere CoreSEE' -'trce t

qe-,e-e t E-o wrer time c- e. ar e relceSe:. Ihis nestm
am:r t *.,to ac E I I t 1 -c- r .T iev co-r, et t h e seZnt. -- S'

i! cc ioflc as eI, c+ time nCessprv icy e ct qs rec=-c.

lid1s itt1 Ie t, :r rovj. vutrr &7-1 t1m mer-,C C+.

aeC'ue& - t ed i t r.It e- to caet LlSed- toC tr-c +-cLi ot time
.21C E -CtS cstic - SoC- trimE+c 7C tc-s. L'et Into time heo-it r:--

ceczrc-- ern t'.nce- Cr. Its Own" C. ed yo0u r trtlU ft t'r t:.- .

cn7 tt.c U&H~ 0 u -t'L(h

Cnr:tse - the - :wE- trrUrrt e, tr-e ut-' c

r-ess IL rci-,- trec cnt tci inc-e-E-rrec ceretI-s -rr

przf-:~t.t tm crrctmn t Ius css 005% 5' E
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HC:10 FoPO" TH-E LETTEF5

It will a~ll be oesec cn this ct-art:

-- .r ri r c 0

10,
4I naer

Inde.R1n
i n oe r 4iricer

-T h tmt L it t Ie

4f i oe~-

This chaar-t will Sp~ow w.hich ievs' are ts be aE:-res=-=- :Z E-:'
chz-?cter. Fo~r e' en-I1e, the letter "I"

.0

-,S a36i leC circ-:cE to-fezr the I .a &JrI~ c-~ E' _ L-E

rlz -1, tC tr-

94



You w11 notice that in the example "I", the keys presse- Can be
related to the shape of the handwritten letter.

This is how you handwrite You Microwrite the lette r "I"
the letter "I" like this, Creating tne

shapes with your finger tips.

I0/0
This is a memory aid to help you learn the alphabet. All the letters

will have this.

The "L" works the same way:

This is how you handwrite You Microwrite the letter "L"
the letter "L" like this

0

YOL 11 tind t.at a lot of the letters form natural peirs o4 oz.pos:tes
based or tht SHAFES. which con be thought of as "mirror images'. TrN
to remember the letters as these pairs: it's easier. For instance.
the opDLcIte: of the two you've done ec, far are "G" and "J":

the downstroke of
the "G"

4
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L

L*O 4opposites

Here is a useful pair to remember as a Pair: they're used together so
o+ten:

TH

The Top of the "T" Horizontal for "H"

These are written using only ONE key:

E 0

Easiest finger for E in the middle:looles like a terael
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SU

0 L
Signet ring finger for "S" Little finger: very "U'

A N

Line to Apex of A dowN linNe of "N'

X K

shape o4 smalI ,' ULstro'e of the "V"
M?'E an'v mistaes yet- Don't worry. just continue on. but remele-
accuracy first, speed 1oter.

Vou-, ve just covered hai4 04 the alphabet. Here's the rest:

A:A*. ~ . 2 . -
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F M

(I) opposites

First FOur Fingers For "F" Most fingers Make "M"

Dome ot the "D" Baci: of the "

c

opposites 

O

C-'I rOw tor Er - -ii! trom the Certr-c.-

comciete P-ess tc- "r-
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Kv

k -

the upstroke o4 the "K' downstroke of the OV"

Y X

looks like a "Y" All Xcept your indeX

W Z

The two sides of the "W" Zig Zag between the keys

Now if you want to practice some writing, try an old standard:

THE QUICK BROWN FOX JUMPED OVER THE LAZY DOG

Don't forget to use the cue card if necessary.

Now try:

iHE ZEAL OF THE ARCHITECI WAS BEING EXCERCISED CONTINUALLV IN
CONJUCTION WITH A FEEN QUANTITY SURVEYOR IN THE DESIGN OF 0U4!NT ELT
PRETTY MAISONETTE.
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Now you're ready 4or numbers. If you recall, we mentioned only
briefly the command key and how to clear it. Now we have to use it to
get to the numbers. To change to the mode which has the numbers you
press the command key and the chord for the letter *N" (for "N'umber).

Pressing the command "N" once will make the next regular letter you
type a number, then the Microwriter will automatically shift back into
the alphabet mode. If you have more than one number in a row to type
you should lock into the number mode by pressing the command "N"
twice. Type the line of numbers and when you have another letter to
type, shift back to the alphabet mode by pressing both thumb keys at
the same time.

Here are the numbers. Go ahead and lock the machine into the number
mode and practice some.

1 2 3 4 5

6 7 8 9 0

That's all you have to learn. Now for the practice sessions to gain
speed. Remember at 4irst you should concentrate on accuracy, with

speed Secondary. After a while you should be able to increase your

speed without increasing errors.

9
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APPENDIX E

TRAINING MATERIAL FOR PLAIN CONDITION
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Thank" you again for agreeing to participate in this study.

The purpose of this part of the study is to teach you how to use the
flcrowriter keyboard.

If you have any questions please don't hesitate to ask.

ABOUT THE MICROWRITER

The Microwriter is a relatively new device, developed by an American
film director living in England, Cy Enfield. The company marl eting
the device is called Microwriter LTD., and is wholly owned by Hambro
Life Assurance Co. which is a large insurance firm from England.

Microwriter is known as a single hand, six key, handprint chord
keyboard. That it is single hand operation on six keys is obvious.
"Handprint" means that the keys are laid out so the hand rests
naturally on the keys as opposed to having the keys in a 2 X 3 matrix.
"Chord" refers to the fact that generally more than one key must be
struck to produce a character, similar to piano chords.

THINGS YOU NEED TO KNOW FIRST

It's not like a conventional keyboard. There are only 5 keys on the
MAIN KEYBOARD plus the OCOMMAND KEYO (which we won't need for a while
so try to ignore it)

Here is a picture of the keyboard, showing where each finger on your
right hand is supposed to go.

MIDDLE finger
here I

this key is-- inrING finger o:e

is for your
INDEX finger1 n_ LI71LE +inger

U - THUMB usually here

O COMMAND key (pretena it's
not there for now)

Now there is a very important rule:
DON'T wave your 4ingers about an the keys or use
them on any key other than the one they're
supposed to use (as shown an the chart above).
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This one-+inqer-tca-one-Ievi correspondence is what males the
Microwriter so ay to use. Picrowriting is using one 0-
MORE 1leys together at the same time to produce one letter.
number, punctuation mark., etc. The important thing to
remember at this stage is that using the wrong finger on the
wrong key will slow down your learning and lead to lots L4
mi stakes.

,.i)so, once you start, you'll notice a couple o4 thingg about
the Ifeve themselves which make them different 4 roW. th~e
conventional typewriter. First. the Ikeys are .erv
touch-sensitive, much lighter then on a typewriter. Tnis
helps you to get very +est. but does mean that yoLu 11 fft.l C
mistak~es to begin with. Second. the letters you type are
not created wmen the I.eys are pressed but xnstea the., &-e
cenerated when the *..eys are released. This means that YouI

doi'.t have to qet all the 1:eys down at the Same instant,
just so long as all of the necessary keys get pressed.

Ti-Ue a little tine n~ow, with the machine off, to oet
eauair-ted with it and to get used to the feel o+ the Vey~s
and the iositions of the fingers. Get into the habit now o4
Vee~mrzq each finoer or. its own ley and your thumb norwmilv
on- the LIPPER of the :'thumb k.ev'5.

One note about thie lower thumb key, the COMMAND ::ev. I o.
pesT i t v-y accmcnt. different characters will be proauce .

li .c-u notice tnet the incorrect cneracters are usirc
pvr-Vce by' thE correct chord. just P-ess both thunO le.S
tcoe~ther- to clear it.
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mCWTO FORM THE LETTEFPS

it wi!l all be based on this chart:

Learning _________0

Middle

Inde: Ring
/fincer fiaer

Actual Ltl

Thzs chart will show wih 1evs are to be deoressed 4=r esch
character. For ewanprA'. the letter "I"

0

-7 n c~ro, eu circies cc-rciarc,' tc tre-~ C* MLSt C'E r~

r'1002e CC- nCT tL'-7 trVDC3

If yov t,&vL- on-- qEstxori s sc C~z- _ S them now. 14nct. n:

Shelacn tnat s.'are re~c- tr
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These are thiletti-hois "Pi eastqSvie~ 'to practice as you go along.

0 00400 0%0 00 0 a@0 00 0 0

A B C D E

0 C 0 0 0 01
0.0 0* 00 #0 0

F G H I J

0.' 0 #6C 0 C 0 C C

K L M N 0

C.~ I . CC

P 0Q R 0 CS f T

Now i+ vcL' want to oractice some w.ritina. trv an old stprndarn:

THE4 CL'1'C I F~o..iW r ."1fEP O.'EA 7 4-E LA' DOC

- _ ~ rir~ ~EF iE' L L 'T !JL; .LLV~

TH Ei- Lit- 1:1 T-iL. tESlC-tj OF ~ &'
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Te &no-** a o

*00 the coqm m$an - echoronc wilmae_ _ex _eglr_ ete o

t 1 h~b~ Oa f yuhvemr tha yonenmeuna o otp

th*lhIe YpW te. lie0 ubrsdwe you hav ove thnooetumer netteo to p
type, eh&4ld lpock ito the numhber mtode by pressing bt thum kays,.n Pt*

NM* are the numbers. So ahead and locI,. the machine into the number
made a~d practice some.,

6 789 0

Trdta 4 : .r-v hove to lemrr. i'ats~p tot -t- r&ctics sessionls to a .Ir
.*beed. F*aeosoer at 4irst vou should cc-certrate on accuracv. W It-1
SPeed ooetndrv. o..tor & while you sho-Aic be able to incre... VO~r

sceso witout xrncreosino a-rora.
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APPENDIX F

TRAINING MATERIAL FOR KEYPAD CONDITION

-- ,'A y'ou aaaz . for .a reeina_ to perticipate it : t r,-I' s_.: r '- _

e :OeCr V.oLl will s:n s c- staror 4x4 nure-i c Ie vx-.

0t-.- cs chanoed. As vo'u can see. on either side ot te ",
twco arrow buttons. These are to be used in enterinc the a.cri-Lt.

Wf'en vo- need to enter a letter. locate it on one o+ the reai-_ -
nmoer Fewi. Pres_ the kev with the desirea letter and t-e-: :-eEs

either o the arrows cr tre " to show wrich of the ies:
COoer:. For .nstarce tre letter "M" would be chosen by prew-z-: r
' "ev and then tre left pointing arrow ".

T,. s . I I tr, ere i s to it. First there wi1l De a timed run -- s- -
weil- vou, car, do without any practice. then some practice tas- - a: a
tr.s eaO ot tr-e- r-oLr another timed rL. i-s[ an- aL-estlors n:.- .
h,-e no questions, please let Sheldo nc, w VOL re re.c,'.
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APPENDIX G

ONE SHEET CUE CARDS FOR MICROWRITER
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Mnemonic Condition

A0:0

NE 0

:°o:°f:'oo :' I Q

I0m 00 L0 00

00 0 0 "o

00

0 2c

o0 0 %

. 00 0~ 0M

0 0 U

10

0 Us 0 0~



Plain Condition

These are tne'letter chords. Please feel free to practice as you go along.

0 60 00 0 00 1110
0 0 0@ 0 * 0 0 0

A B C D E

0* 0 0 0 0

@0 0@ 0 @0**
F G H IJ

0 )0 0 * 0 000 0 0 0 0 0 0

K L M N 0

0 0 0 00
00 00 0 00

0 R T

o 0o 0 0 0 )e
0 *0 00 0

U V w x Y

NUMBERS 100C

1 00 0 z
0 .0 @0 @0_ _

0 064)0 @0
12 3 4 5

0 0 '0 0 a 06 0 0 0
064 0 0 0 *o0 0

6 7 8 9 0

1 1 1 1 , lit



APPENDIX H

EXAMPLE OF PRACTICE ARTICLE

Barrens reports that earlier this vea-
major financial institutuions investea
large amounts in i-Iines. Leaong the
air lines in the top 50> net purchases

lists was Delta Air _:nes, witn 2..6
million of shares purchasec, ,:.ZC.7
mllior sold witt 117.9 Mllao- as the
net transaction 4-om a holding of 1218.0

For the picture o
4 

the high tech
companies refe- to the chart Oelow, all
amounts in millions 0+ dOllars:
STOCK PLRCHASS SALES HOLDINGS
McDon Doug. =88.8 11(l.e 1188.4
Matsunl. Elec. 16-.5 17.Q 779.5
V! acom is..: 57. r 4_10.4

Xero 26b.
9  

1e4.5 24:5.:
Tanov 272.5 151.e 177.'

Martin Mariette. 2:9.! 121.5 1059.:
I TT 7S5. .- 

=
-5(. .a 172 1. 0

E Svstems 17'. - 1.4 780.7
Boeing 5 b4.o 4,:.o. i Z1.7

Por other companvs stock. activity
was also o.-ISt. Disneo shares o+ 2c.6
were boutnt. 118.4 were solo. ano a
holding 0; e87.5 was reportec. Co-

MoDonolas bought were 75C,.. sold were
25Z. . and a ho'cing c+ :=5.:.
Reporting Institutions also sold 2;).6,
bougtt IE.Z, ano neld 11.4 of Dillaros
Store% stocs.

On the Ocwr side where these
institutions solO o*

4 
more than tmey

pu-cnasec c, a particular company s
Stoc were SLcr blue chips as Phillips
Petroleum with 920.5 million, Eastman

Vodasl with 558.1 and 1
4
1.c c- Atlantic

Rich-ae1c. Also dumped were 2Z4.&

million of IBM, 153.7 o4 Pord, and bo.4
of Zoca-Ccla.

Overall, the biggest groups boug-t uc
were elect-ic powe- with 174().5 millicr-
in net purchases, drugs with 825.6, ai-
transport with 68b.7. and 677.4 wort of

entertainment companies. The biggest
sales were in hotels and motels wit
366.1 ni llion in net sales. foods wit!

-12.:. 286.1 in natural gas pipe anc
.oE.4 in rPado-tv troaocastino.

Computers. bwsiness machines.
semiconouctors, ano eleztronic eOuipmen.
wnich are *acing the same slOwcOwr in

the2' sharea ma,-Iet when comoined
accounteC for 41A.5 million ir net
sales.
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